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Enhanced Golf Club Perfcnnance via Friction Stir Processing 
Background article on friction stir processing 

COMMISSIONER FOR PATENTS 
P.O. Box 1450 

Alexandria , Virginia 22313-1450 



14 December 2005 



Sir: 

Enclosed is an article that provides some ir^fortnation on the distinctions between friction 
processing technologies. It is provided in hopes that it will help in understanding the difference 
between friction stir welding and friction stir processing as discussed in the recently filed 
response. 



Respectfully submitted, 




David J. Zoetewey 
Registration No. 45,258 
Rockwell Scientific Company, LLC 
1049 Cannino Dos Rios 
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FRICTION 

Processing Technologies 



Friction is an efficient 
thermo-mechanical source to both 
weld and process matericds^ Benefits 
include refined tnicrostmctures, no 
porosity, little distortion, and the 
ability to join a wide range of 
dissimilar materials. 



E. Daoid Nicholas"^ 
Twr 

Abington, IIK. 




Friction, which xeqiBres relative 111^^ 
pEfid pressure, and time, j$ a.pofwerfuX. ef- 
ficient energy source for welding and re- 
processii^ of materials. Friction-based 
tedmologies may be divided into toeemro 
go rics: rotary Weldtnfc non-rotary welding; and 
MOtjipnprocaswng ! 

Kotary kiction welding has been ainnmd for 
about years, and is IliB nK3st wid^ 
ihe fciciim tedhiKJlogies. In Ihis pi^^ 
drical shape is rotated against a similar fixed com- 
ponent under pressure. The material at the faying 
sorfaoes becomes plasticized^ and the parts are 
farged-togethef . Taiper-stud^ taper-stitdv piung^ 
and ihird-body welding are variants on this tecv 
ndogy. In 1991, amajor advance was made inlhe 
tedbnology when friction stir welding waa deveL- 
oped at TWI. It differs from conventional rotary 
technology in lhat a hard,, nonoonsumabley cylin- 
drical tool causes 4^ friction. 

Na nrfbtary wdding was another mayor advatua e, 

pemut tite joming ot nondrcular stiapes such as 
squares and rectangular bars^ which arc very dif- 
ficult to wdd with rotary tedmology to provide 
cbtrect alignment ' 

Rriction processing involves die appfication of 
fr^rtir Bn , ana pressure to coi\go lidate or refeie die 
microsiructure of a material Ih Motion extrusion 
technoI<^/ a consumable bar is plastidzed and 
pressed through an orifice to in^pio^ 
pxoperties- InMction co-extnisioiv a^ieath cf unl- 
ftMm fhidmess may be dad around dw 
truded bar. ¥ar powder consolidatbiv ^ powder 
materials are plastidzed and ednided. 

Ihe t^ identifies ^ multitude cf fiitifi^ 
piooesses that are lunv available for oommerdal ^ 



fig^ % — In rotary friction welding, one cylindrical ^hape 
is rotated under pnssia^agabtst a statioTutrypi^ 

ploitatioti. This artide outlines rotary friction 
\vdding, desaibes fijctkin stir wdkiing in soi^ 
tail, and gives two examples of fitidian proocssing 
of metals. Future artides will provide more oCk^ 
plete e3q>lanalions (rf seleded fiction processes. 

Rotary friction welding 

The most aanmon form of friction wdding is n>- 
tary friction welding (Fig. i\ which accounts for 
most of tfie friction wdding machines in iro 
These xnadiines are capable of welding solid ba^ 
ftomabou^l tp200mm(ai)4 to 8 in.) indiametet> 
and tiAes of larger diameter. The bigger 
is based on the stared energy variani; and can de- 
liver 2000 tons axial Ihwst Industries that cunrofly 
manufiacturc parts wifti this tedmology indudc off- 
shore (drill pipe and underwater stiid), petro- 
diemic^ dectric5d< hydraulics^ power gen^atK>a 
and railway. The nudear, aerospace autracaoliv^ 
' machine todtaod wire drawing mduBlrtoato 



Continue dfivdopment of lolaiy Mellon wddi^ 
has led to smaDei, lighter madiinea whidi enables 
them to be biou^ to the constniction alfte . Tliere- 
fore, manufactureis now have the capability ft> re- 
pair equipment in hostile environments such as 
under water, in higj\ radiation conditions, and in 
explosive atmosriteres. apedfic rotary welding 
tedmoloe 



Friction processes 



Kotazy drive friction welding 
Friction atir welding 
Friction co-e)<tnisiQndaddlrig 
Friction t^)er stildi'wdding 
Fiictim Phxnge wdding 
Frictijon nydroplllar pnxasing 
Radial fzlcdon wddit^g 
Ihlxd-bod V fdctfon wddinn 



Lineal^ angidai fdGEianwdding 
F^ictim siH&dng 
Fdction seam wdding 
OrWtdMcficnwddBng 
' Fdction ttansfbimatiDn hardening 
Fiictknv extncion 
Friction bcasSng 
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wdd made in Ae solid phas^ wiih no maaa 
melting. 

No fillfir material or bidding gas is require 
firictioa stir wddmR an^ 

trob are needed, Ine piTOEss is nruMc tolerart 
jsp variations than vaiiable jpolaiity plasma arc fu - 
aonwidkls^ and it igsidts in low residual 
dfetortipn and a flno, hot-ivorked nucro&tmdure. 




ity, improved iStigue 



Fig. 2 - Friction stir wemig is a fkermomedmncd hat shear pwce3S in which 
metalB arc jp^ded in the solM state, hfyte^ 

m&uOTi iHoj/s, dummum-matriz cafifips ile s, $M, kad, Tftagneshm, zinc, md copper. 



Friction 
stir 
welding 
id a 
thermo' 
mechanical 
hot shear 
process. 




Fig' 3 — this 75mm0 in.) ffudcfMecf dumimm atky 
€082 lOBfiicHenst^wdded with impasses. 

shid» Udion hydiopiUar prooes^n^ ai^ 
taper atitdt wdding. 

Fnctioii welding 
Faction Stir welding 
ical hot shear px^ooeds in \mdi a not^^ 
tod is inserted ar?li»tated\vidixnajQi^ 
^houldeiedpro^ tod with a pix]i3elengi}i:sli^y 
less than tlie weU detHh leqi^ied, b 
die %ing faoes ioitil tm^ 
oontad witti die work su!faoe. The Qiindr^ 
iG made from a material that is hard and wear- 
i^e^stant rdathrg to the matedal bdng wdded The 
rotating probe move^ within the woricpiece, 
heating Ae metd by friiiion, and the yl^ 
of die material at die lnte?dbae betwem 
tool and the woikpteoB fi^lsbelQiW^ die ap[^ 
stress. As die prpbe is moved in die direction o f 
.* weldinjt die leadmgedggctf the |»ob^ asabted 6 y 
aspeoal ryxky.proBles^ fetoes the ptestidzed mate - 
ri al to ttieback'ot.the probe. A plastidz^ 
shaft frf metal then fen nsaiTOO^ 
same time/ a consolkiafing farce is ab pticd to tKe 

PA(X4/S'RCVDAT12/16f20055:33:27PM[East^ 



fracture toughness. I n addition; me process has 
some toieraiKe to imperfect weld preparatioa* thin 
oxide layers can be acoepted. 

The process, which was invented patented, and 
developed by TWt is similar in some respects to 
botfr laOT and dedron beam wddih^ in diat a Jcey- 
hole is developed. It is a derivative of friction 
welding, whidi enables the advantages of solid 
phase welding to be applied to the fabrication of 
long butt and lap joirits widi very Mte post-weld 
distotticKt Moreover, it is a dnq^letooperat^ very 
ioat-effective machine tool tedinology offering 
many advantages. 

The joixung ^ aluminum alloys, espedally 
diat are often dxflScult to weld, was die initial target 
ksT devBlopin^.and judging die petfonnanoe of fric- 
tion stir weldmg. Woric initially was concentrated 
on angje pass welds in material duckness £tom IS 
to 12.7 nun (0^ to 0^ in.). FurAer developments 
within this process have demonstrated diat plate 
dddjieases of aluminum aHoy 6082 tt^ to TSmm 
(3ni.)thick<anbe_weideamtyw 
addition, a lQW-<^toQn. 12% chroim|^ sted pkte 
25 nnim (1 rtL) diick and 1 m ( 3it!) long has £em 
bfeti^ stir yielded at TWI Meb^ 
may be wdded by diis technique, as well as ottia P 
metals such as ocyppen; Jteact tLSgnmiv an d magne^ 
siam. although more studies are need ^ fctt 56- 

nximiahditgallo vsr " ; — 

llieimal^iiS:gy is obviously 
die matenal being wdded to enddeplasficftiFwinto 
die keyhole behkid the tool Unfortunately^ whm 
welding work'hardened (5600 series) and heat - 
seated akmi^num aPoy^ themiatty afifected j^ kms 
do iamu wtiege bom prodt sttces jnjL lymategy 
stte strengft\ m advetsety aff^tigL Thfa lin^tion 
hafiproii^ptedwc^^ 

lutions tq ittinimize these effects. For example, 
Thxeadgil], Howes^ and Ihomas of TWIhave arid 
are oontiiiuing to evaluate die influenoa of heat ex- 
ttadion by watSnaooled fixtures^ bad^ bars 
high ihetmal conductiviiy, and enfarobd oooBng at ' 
the wdd sur£aix. An extieme exampkof enforced 
oooHng is to actually mate dre weld white it is to- 
tally sutoietged in water —it does wodd 

PM^nziinaxy xesults when tvelding an.a^^ 
alloy 7075 spedmcn-fhat is nominally i min {0;24 
in,).dikiv^i0wed diat die proc^ stress andtaiSmate 
tensile strength were increased by .25% and 6% 
maapdxed widi ttw same welds made wfthoiiteiv 
hancedlhennal extraction. Odier approaches Inve 
invohred Qoolbig of die wdding ttjdifsdC One ad- 
vantage of diis approach, apart from improving 
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Fj^. 4 — During fficHon txirusion, a hi^ 
shear strain rate is devdoped at the houndSry 
between the dkofid 6te cansurtwbJe bar* The bar 
IS rotated, pressed against a die, artd extruded 
0trou^ ^ die or^ice. 



Fig, 5 — Friction pOUft processing r^nes 
^ic ftiicrostmciure of citst bofs. 



Fig* 6 The phctfiTnicrogroph at top 
shows (oi as^xist riiikdHdutttitnuititofize aHoy 
bar nu^^edlOOfimis.The bottom pheio- 
micrograph .$hoiDS the same bar after re 
ptoceestitg by fhetWH piti^, pfoceesmg^ 



Friction processus 

Friction processing can be designed to recycl e 
swadtrnatenew aiicys (toonohtfiie and oompo^ tel 
ox teptooess existing allovs to improve metallu r- 
fflcal and mediaiucal proT^erti^ 
dtjd^ firiiCt^ extm- sionr fe^ction pillar prt>tH55alttjg ^ 
myi frirtjon tfansfonmatlnn hflwlflningT 

Friction extrusion (Fig. 4) is an alternative ex- 
trusion process in whi dh SSe xequked temperatuie 
is geneiatcd and iDiaintained by Motion CO 
tween lihe consumable and the extrusion dies. 
During the process/ a high ahear strain rote is de- 
vdoped at me boundary between ttie die and the 
oon^uniable^ and widiin the plastic zones of the 
' omsumable, Aconsmiable bar Is xotated^ pitessed 
gainst a di^ and extiuded throu^ ^ die orifice. 

Ilieehsuing temperature rise can lead to defoi^ 
mation at locuized regions* Since mafcerial softens 
locaDy> further defodnation is oonoaitrated iviihin 
this r?gioa and under an axUJlo^dit is OHitinu- 
ously extruded fluough fhe open etided die. The 
process is suitable for GunsoBdaiiion and le-fonx^ 
of previously formed metal matrix compofiite ma- 

teid. Tty pnvY^oq raiigpfi firry HigrvYnriniiitipg nr tn- 

hoinogeneifies in the oompoate to be xo£str^ 
> as the nvd^erial passes (hitBJ^ die plas^ 

Friction pillar proGessing (FFV) is shovm in Fi^ 
M this tecmv>lo^ a cast mflt^^ 
• toxmpiove its microetnictura "nie consumaMebar 
is rotated under an applied load, which causes a 
softened layer to fonn across die rotational inter- 
£ac& 1^ {i^tidzed material diqfvdops 
, die feed rate of the feedstCNd^ causing the 
interface to rise along the feedstock the softened 
material is extensivdy worked during the proc- 
essing operatiotv causing vdGbtcnienI of dti&flnicrO' 
sliiicture and eliminatk»\ of castir^g defects 



mens of nickel-aluniinum-bronze that have been 
processed by FFP, The as-cast miqrostructure 
has been ci»npletely eltoriinated andiftplaoed by 
a fully dense, fine grained, and heavily wofked 
xxuaostmcture. • ■ 



For more infbimation: R David Nicholas is Busi- 
ness/TedmoIogy Devejopment Manager of friction 
tege processes at TWl GrantaParkr Abington, Camf 
bridge CBl UK? tfib 44 (0) 1223 89U62; faxi 44 0 
1223 894367; e-mail: ednidtoIas®tMd.co4tkWel>^t8; . 
www.twLGp.uk . 
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can be 
designed to 
mah& new 
alloys or 
reprocess 
existing 
alloys. 
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